In order to establish a commercial resource for arabinoxylans, three Tibetan hull-less barley brans were studied for monosaccharide composition and arabinoxylans content. There are five sugars including mannose, galactose, glucose, xylans and arabinose in the bran. The arabinoxylans content is 14.21%, 18.18% and 21.06%, respectively. The ratio of arabinose to xyloses is 0.83, 0.76, 0.58.
Introduction
Arabinoxylans (AX) is one of the major non-starch polysaccharides present in various tissue of barley. It is proved that AX has great effect on lowering plasma cholesterol, reducing glycaemic index and improving adsorption of calcium and magnesium [1] [2] [3] [4] . AX consists of a backbone of β-(1 4)-linked Dxylopyranosyl residues (xylose), some of which are mono-or disubstituted with α-L-arabinofuranosyl residues (arabinose), so they are often named as pentosans. The average arabinose/xylose ration (A/X ratio) indicate a degree of branching in the polymer chain.
Tibetan hull-less barley is the main staple food crop in Tibet for centuries, and accounts for more than 97.7% of the total Tibetan barley varieties. The Tibetan Plateau has an average elevation exceeding 4,000 m. It is known that extreme geographical conditions with intense UV radiation, seasonal drought and hypoxia had led to growth of crops with plenty of secondary metabolites [5] [6] . Besides, high β-glucan content is reported in Tibetan hull-less barley. For 164 cultivars, originating from China, Tibetan hull-less barley had the highest β-glucan content (8.62%) [7] .The cultivars, environments had significantly influence on β-glucan content. However, as important cereal dietary fiber as β-glucan, there has been little research on AX content of Tibetan hull-less barley.
Hull-less barley bran is an abundantly by-product of the barley milling industry. Although most of bran is used as low-value feed component, its use as a source of dietary fiber is becoming increasingly important. Bran is a commercial source for AX that could have application as a food ingredient or for non-food uses [8] .
The present paper describes the monosaccharide composition and AX content of Tibetan hull-less barley bran. The monosaccharide composition of bran AX was studied by using a pre-column derivatization reagent 1-phyeny-3-methyl-5-pyrazolone by high-performance liquid chromatography [9] . AX content of three Tibetan hull-less barley bran varieties were quantified by a modified colorimetric assays as described by Zhou et al [10] .
Materials and Methods

Materials.
Tibetan hull-less barley bran was purchased from a local market in Lhasa. PMP was purchased from Acros Organics (Geel, Belgium). Trifluoroacetic acid (TFA) was obtained from Merck Materials (Munich, Germany). D-mannose (Man), rhamnose (Rham), D-galactose (Gal), glucose (Glu), D-glucuronic acid (GlcUA), aminoglucose (Aglu), D-xylose (xyl), L-arabinose (Ara), lactose (Lac) (inner standard), galacturonic acid (GalUA), fucose (Fuc) and orcinol was purchased from Sigma (St. Louis, MO, USA). Acetonitrile (HPLC-grade) was obtained from Fisher Scientific. All the reagents were analytical-grade.
Stock phosphate buffer (200 mM) was prepared with KH 2 PO 4 and NaOH and diluted to a final concentration of 50 mM. The pH value of the mobile phase was adjusted to 6.9 with NaOH.
Hydrolysis of bran
To a 5mL screw-capped glass tube containing 10.0 mg bran, TFA (2.0 mol L -1 , 1.0mL) was added, the tube was nitrogen sealed, shaken briefly, and heated at 110 for 8h. After cooling down to room temperature, the hydrolyzate was dried in a stream of N 2 at 50 to remove the excess of TFA. The supernatant was neutralized by NaOH (0.3 mol L -1 ). Finally, the mixture was diluted to 1.0 mL by ultrapure water. The hydrate solution was labeled with PMP as described in derivatization procedure. The component monosaccharides released during hydrolysis were derivatized with PMP.
Preparation of PMP derivatives of carbohydrates
11 monosaccharide standards were dissolved in 0.3 M aqueous NaOH (1.0 mL) to be a final concentration of 10 mM. A 150 μL aliquot of this solution or hydrate solution was mixed with a 0.5 M methanol solution of PMP (100μL), and the mixture was allowed to react for 30 min at 70 . After cooling down to room temperature, the mixture was neutralized with 150 μL of 0.3 M HCl. The solution was dried under vacuum at 100 . The residue was dissolved in 2.0 mL of water and extracted with chloroform (3×2.0 mL). The aqueous layer was subjected to HPLC analysis.
Using the results obtained from monosaccharide analysis, the ratio of hexose to pentose and oarabinose to xylose in each samples were calculated. Corrections were made for arabinose in samples containing galactose, assuming that some arabinose is associated with galactose in the form of arabinogalactans (arabinose-to-galactose ratio of 0.7), and that if mannose is present, a portion of galactose is also involved in galactomannans (galactose-to-mannose ratio=0.35) [11] .
HPLC conditions
The HPLC analysis was performed on the Alliance 2695 separations module (Waters) equipped with a PDA 2996 on a Luna C18 ODS column (250 mm × 4.6 mm id., 5μm). Empower software was used to control the HPLC system and data processing. Binary gradient mixtures consisting of phosphate buffer (50 mM, pH 6.9) with 15% acetonitrile (solvent A) and phosphate buffer (50 mM, pH 6.9) with 50% acetonitrile (solvent B) were used as mobile phase. Elution was carried out at a flow rate of 1.1 mL/min at room temperature. Linear gradient elution was performed as follows: solvent B from 0 to 8 min, 20-28% solvent B from 0% to 8% at 0-10 min, then 8% to 20% at 10-30 min, then 20% for 10 min. PDA wavelength was set to 250nm; injection volume was 20 μL.
Generation of calibration curves
To a 10 mL glass tube containing 3.0 mL of various concentrations of xylose aqueous solution (10-50 μg/mL), FeCl3 (0.1% diluted in HCl, 3.0 mL) and orcinol (1% diluted in ethanol, 0.3 mL) were added successively. The mixture reacted in the boiled water bath for 30 min. After completing reaction, the reactants were cooled to room temperature immediately by ice-bath. The absorbance was recorded both at 670 nm and 580 nm using a PGeneral TU-801 UV-bis spectrophotometer (TU-1810; PGeneral Co., Beijing, China). The blank was made from 3.0 mL of water. The calibration curves were obtained at aborsance (Δ A 670-580 ) against a xylose standard .
Measurement of pentose concentrations in bran
To a 25 mL glass tube containing 40 mg of bran, TFA (2.0 mol L -1 , 20 mL) was added, the tube was nitrogen sealed, shaken briefly, and heated at 110 for 8h. After cooling to room temperature, the hydrate solution was diluted to 50.0 mL by water. 0.5 mL of this solution (diluted with 2.5 mL of water to 3.0 mL) was reacted with orcinol solution for colorimetric analysis.
Results and discussion
Monosaccharide composition in Tibetan hull-less barley
As shown in Fig. 1B , glucose, xylans and arabinose were the most abundant noncellulosic monosaccharides in Tibetan hull-less barley bran. Compared with the standard monosaccharides (Fig.  1A) , mannose and galactose existed in Tibetan hull-less barley. Furthermore, typical for bran AX is the trace of glucuronic acid, linked to some of xylose residures. Arabinoxylans and β-glucans are the major polysaccharides present in barley, but other polysaccharides such as cellulose, glucomannans, and arabinogalactans also occur, although in much smaller amounts [12] . Among these sugars, only arabinose and xylose belongs to pentose, others are hexoses. The ratio of Henose/Pentose was in the range of 0.86-2.47. The high content of henose may disturb the determinantion of pentose in colormetric assays. The ratio of Ara/Xyl inTibetan hull-less barley bran was in the range of 0.58-0.83. Similar values of Ara/Xyl were reported by Oscarsson et al [13] . 
Arabinoxylans concentrations in bran
As shown in Table 1 , variation of AX content was found in different varieties. The average content of bran AX is approximately 14.21%-21.06%. This result is close to other reporters, hull-less barley contains comparable AX levels of 17%-32% to wheat [12] . The level of arabinoxylan is influenced by both genetic and environmental factors. The method hydrolyzes arabinoxylan to its constituent pentose sugars. Arabinoxylan was quantified as total pentose sugars colorimetrically by reaction with orcinol. Absorbance was determined at 610 nm, and interfering hexoses were accounted for by subtracting the absorbance at 580 nm. However, for high content of hexoses in samples, the disturbance cannot be eliminated by dual absorbance spectrophotometry [10] . By Calculating the ratio of hexoses to pentoses (seen in Table 1 ), sample 2 has the highest content of hexoses (ratio of 2.47). In order to verify the The disturbance of hexoses in the colorimetric assay was verified by adding additional glucose into sample 2. The obtained absorbance (Δ A 670-580 ) value was consistent with sample 2. The disturbance of hexoses was eliminated by dual wavelength spectrophotometry. 
Conclusion
The monosaccharides composition in Tibetan hull-less barley was analysed by pre-column deriviation derivatization reagent by HPLC. The content of bran AX was determined by pentose-orcinol reactionbased spectrophotometry. The colorimetric method which is specific for pentose sugars is appropriate for quantifying the Tibetan hull-less barley arabinoxylan. The Tibetan hull-less barley bran is a potential resource for AX products.
